Abstract: A hybrid method of Sumudu transforms and homotopy perturbation method (HPM) is used to solve nonlinear partial di erential equation. Here the nonlinear terms are handled with He's polynomial to obtain the series solution. But, for the authenticity of the obtained solution, the condition of convergence and uniqueness of the solution is derived. The facts are obtained in reference to convergence and error analysis of this solution. Finally, the established fact is supported by nding solution of two well known equations Newell-Whitehead Segel and Fisher's equation
Introduction and preliminaries
Most of the problems occurring in the eld of science and engineering like thermodynamics, uid mechanics, physics, plasma physics, biology, ecology etc are modelled in the form of nonlinear partial di erential equation. As it is quiet di cult to solve these problems analytically or numerically hence, several numerical and semi analytical methods are developed to solve these problems. However, the result obtained from semi analytical methods are more accurate and acceptable than the numerical one. The semi analytical methods like homotopy perturbation method (HPM) [7, 8] , Adomian decomposition method (ADM) [3, 6] , homotopy analysis method (HAM) [12] , ho-*Corresponding Author: Prince Singh, Department of Mathematics, Lovely Professional University, Phagwara-144411, Punjab, India., E-mail: princeshersingh@gmail.com Dinkar Sharma, Department of Mathematics, Lyallpur Khalsa College, Jalandhar-144001, Punjab, India motopy perturbation transformation method (HPTM) [9] , homotopy perturbation Sumudu transformation method (HPSTM) [19] provide us series solution.Integral transformation methods like Laplace transform, Sumudu transformation etc are also used to solve partial di erential equations but Integral transformation methods cannot be used to handle the nonlinear terms occurring in these equations. To overcome this di culty we use He's polynomial [5] . The combination of these two strong methods viz. Sumudu transformation and HPM gives us a better approximation for the solution of nonlinear partial di erential equations. In recent years, many researchers have used analytical techniques coupled with integral transform to solve linear, nonlinear partial and fractional di erential equation [2, 3, 11, [14] [15] [16] [17] [18] [19] [20] [21] [22] . Here, we apply HPSTM to solve Newell-Whitehead-Segel equation [13] and Fisher's equation [10] , and obtain convergence condition of the series solution. For the results related to convergence analysis of HPM we refer the reader to [1, 4, 21] .
Uniform, oscillatory and pattern states are very common in non-equilibrium systems . Many stripes patterns such as swells in sand, stripes of seashells emerge in an assortment of spatially expanded frameworks which can be displayed by an arrangement of conditions called amplitude conditions. In 2 Dimensional system, the amplitude equation i.e Newell-Whitehead -Segel equation depicts the presence of stripe design.The equation derived by Newell,Whitehead and Segel is of the form 
It belongs to the class of reaction-di usion equation.
De nition 1.1. The Sumudu transformation over the set of functions
.
Properties of Sumudu Transform
S{ } = ,(1)S t m m! = u m ,(2)S{f n (t)} = u n S{f (t)} − k=n− k= u n−k f k ( ).(3)
Homotopy perturbation Sumudu transform method (HPSTM)
Consider the following general fractional nonlinear partial di erential equation
Here L and N are linear and non linear di erential operators respectively which satisfy Lipschitz condition, f (x, t) is the source term. Now applying Sumudu transform, we get
Using (1.1), we have
Operating inverse Sumudu transform on (5), we have
By applying HPM, we get
where
, n = , , , , . . . (7) and (9) in eq. (6), we have
Comparing the coe cients of like powers of p, we have
. . . therefore, the HPSTM series solution of eq. (4) is obtained as p → (4) has a unique solution, whenever < γ < .
U(x, t)
= U + U + U + U + . . . .(10)
Convergence Analysis

Consider the Banach space C[ , T] of all continuous functions on [ , T] with supremum norm. Throughout this section, we consider U(x, t), Un(x, t) ∈ C[ , T].
Theorem 3.1. (Uniqueness theorem) The solution obtained by HPSTM of partial di erential equation
Proof: The solution of eq.(4) is of the form U(x, t) = ∞ n= p n Un(x, t) . Here, U(x, t)
= n− k= t k k! U (k) (x, ) + S − u n S f (x, t
) − LU(x, t) − NU(x, t) .
Let U and V be the distinct solution of the eq.(4) then
Using Convolution theorem,
Using mean value theorem of integral calculus, |U − V| ≤ [(η + δ)|U − V|]MT, where M = max(t − τ) n and t ∈ [ , T].
Hence, |U − V| ≤ |U − V|γ, where γ = (n + δ)MT. So ( − γ)|U − V| ≤ , implies U = V whenever, < γ < . 
Application
Example 4.1. Consider the Newell-Whitehead-Segel equation
(11) By applying the aforesaid method with the initial conditions, we get
The inverse Sumudu transformation implies that
Now we apply homotopy perturbation method,
Eq. (13) becomes
where Hn(U) are He's polynomial that represent the nonlinear terms. The rst few components of He's polynomial are given by
Comparing the coe cients of like power of p, we have 
||U ||
Hence, ||sn − sm|| → as m, n → ∞, so {sn} is a Cauchy sequence. The approximate solution of eq. (11) is 
